This paper looks at the optimal location of new forests in a suburban region under area constraints. The GIS-based methodology takes into account use benefits such as timber, hunting, carbon sequestration and recreation, non-use benefits (both bequest and existence values), opportunity costs of converting agricultural land, as well as planting and management costs of the new forest. The recreation benefits of new forest sites are estimated using function transfer techniques. We show that the net social benefit of the total afforestation project may vary up to a factor 6, depending on the forest sites that are selected. We show that the recreation value of a forest site varies considerably with the available substitutes.
Introduction
The United Kingdom, Ireland, Flanders (Belgium) and the Netherlands all have a low forest cover 1 (+/-10% of the total area). In general, suburban regions are short of woodland from both an environmental and a recreational point of view. Recently, afforestation projects have taken place on agricultural land. In this paper we develop and apply a methodology for the optimal location of new forest sites in suburban areas. We rely on GIS for data collection and input. We select forest sites that maximize net social benefits given a constraint on the total area of new forests. Net social benefits include recreation values, other use values (e.g. timber, hunting, carbon sequestration), and non-use values (existence and bequest values), reduced by planting and management costs as well as opportunity costs of the lost agricultural area.
Recently, carbon sequestration and recreation have received more attention.
STAVINS (1999) points out that carbon sequestration is an important issue in climate change negotiations. However, it is unlikely to be a decisive element for afforestation in suburban regions (GARCIA QUIJANO et al., 2005) . This paper shows that in urbanized areas, the recreation value is likely to be dominant. BENSON and WILLIS (1993) already state that recreation should be taken into account in forestry and conservation planning due to potential conflicts with other interests such as agriculture or wildlife conservation. The recreational value of a forest raises two issues. The first issue is whether benefit measures of other sites can be used to assess the recreation value of new or 'no-data' sites (ROSENBERGER and LOOMIS, 2000) .
Benefit transfer is usually considered to be a second-best strategy due to the high variation of spatial and temporal characteristics of forest recreation sites. However, the benefit transfer is likely to give better results, compared to techniques that do not take into account recreation values at all. MOONS et al. (2000) estimate the recreation benefits of Heverleebos-Meerdaalwoud in Flanders using the travel cost method. This forest serves as base site in this paper, and we transfer the estimated recreation demand function to the multiple new forest sites in our new study area. The second issue is how the recreation benefit of a new forest is affected by the substitute sites in the selection. We show that the recreation value of a forest site may vary considerably with the available substitutes, given the area constraint.
The methodology for the estimation of the recreation demand function using GIS has been developed by LOVETT et al. (1997) . Their analysis has shown that using GIS in benefit transfer increases efficiency and consistency. BATEMAN et al. (1998) , BATEMAN et al. (1999) and BRAINARD et al. (1999) extend the analysis of LOVETT et al. (1997) by including socio-demographic variables, substitutes and sitecharacteristics in the recreation demand function. However, their analysis is limited to a single new forest. BATEMAN et al. (2005) provide recreation value maps as well as a spatial cost-benefit analysis but only include a travel cost variable in their calculation of recreation values. This paper extends the literature in four ways. First, we use GIS for a large number of feasible sites rather than un-detailed grid-shaped sites. Second, we transfer the recreation demand function to a large number of forest sites. We include the recreation value in the cost-benefit analysis along with other benefits and costs. Third, we emphasize the role of substitutes when several sites are valued and located simultaneously. Finally, we rank a large number of afforestation policies on different locations and select those with the highest net social benefit.
In section 2 we outline the methodology, in section 3 we present the base study and the main data sources. The estimation of the recreation values is the object of section 4. Section 5 presents the results. Section 6 contains conclusions and suggestions for future research.
Methodology
We develop a model to select the forest sites such that we maximize the net social benefits (NSB) subject to a maximal area constraint. The main challenge is to take into account substitution and complementarity effects, due to the geographical interdependence of the different forest sites. On the one hand, two forest sites located closely are substitutes, since visitors can choose between the two forests. None of the forests contribute to the recreation value of the other forests. On the other hand, the closer two forests are located, the higher the ecological values will be thanks to effects-of-scale. This geographical interdependence causes strong non-linearity and a complex optimization problem. Hence, the empirical application uses a discrete and heuristic optimization procedure. Moreover, we assume that all sites are afforested simultaneously and that there is no uncertainty.
Formulation
Set I includes all potential forest sites i (i ∈ I) that can be afforested to an extent x i (0
. We assume that all sites are afforested at the same point in time (t=0) but costs and benefits occur at different points in time (t=0,1,…,T), where T is sufficiently large to avoid end-of-horizon effects. S i denotes the (surface) area of site i. S MAX is the total afforestation area constraint for the region.
The discount factor is defined as follows:
where r is the discount rate.
Social cost

Social cost of afforestation of one site (i)
The different types of costs k (k∈K) include planting, management and the opportunity cost of converting agricultural land. 2000) . Moreover, the conversion of agricultural land to afforestation is marginally small compared to the total area of agricultural production or the total woodland area.
Hence, this afforestation project will not affect the prices of agricultural products or timber. The total social cost of afforesting site i (C it ) in period t can be calculated as follows:
Social cost of afforestation of multiple forests
We assume that, as far as costs are concerned, sites are geographically independent.
This means that the cost of the afforestation of site i is independent of what happens to other sites. The total social cost of all potential forest sites in period t is
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Social benefit
Social benefit of afforestation of one site (i)
The different types of benefits of afforestation l (l∈L) include direct and indirect use values such as timber, hunting, carbon sequestration and recreation values, and nonuse values (both existence and bequest values). We assume that these benefit types have constant marginal values and that they are additive. As far as timber and carbon sequestration are concerned, the DVB (2000) and GARCIA-QUIJANO et al. (2005) show that there are no effects of scale. We assume hunting and non-use values are constant per ha and year. The different values are additive since each type of benefit is considered independent of other benefit types.
l it b is the benefit per hectare of type l in period t to afforest site i. B it is the total social benefit of afforesting site i in period t and is calculated as follows:
Social benefit of afforestation of multiple forests
We distinguish geographically independent benefits l∈A (A⊂L) and geographically dependent benefits (l∈L\A). For independent benefits (l∈A), we assume that the benefit of afforestation of site i is independent from the other sites (e.g. timber sales, hunting and carbon sequestration). Therefore, for geographically independent benefits, the overall benefit in period t of afforestation of multiple forests equals the sum of the individual benefits of the sites:
For recreation benefits, however, there is geographical interaction between sites due to substitution effects (l∈L\A). The recreation value of site i decreases if other afforested sites can be found in its neighbourhood. Forest visitors consider all forests in their surroundings as substitutes.
Each time forest visitors intend to visit a forest, they choose only one site. When their choice set expands, the probability that they visit one particular forest decreases. The lower the number of visits to one particular forest, the lower the recreational value of that forest. For recreation, we find:
For most ecological values, such as biodiversity, the opposite is true: the proximity of other forests has a positive influence on the ecological value of one particular forest due to scale effects. Forests within the same geographical region are considered to be complements and parts of an ecological network:
Maximization problem
We want to afforest the forest sites i such that we maximize the net social benefits given an area constraint (a). The proportion of afforestation of a site (x i ) is in the model a continuous choice variable (b). This problem can be formulated as follows:
The substitution and complementarity effects between sites make this a complex optimization problem. Hence, we use a discrete and heuristic optimization procedure in the empirical analysis. Here, the new forest sites i are either fully afforested (x i =1)
or not afforested at all (x i =0). Z j is a subset with fully forested sites I, respecting the area constraint. Z is the set of all possible subsets, Z j , that respect the area constraint
We distinguish five subsequent steps to be taken:
(1) Selection of subsets of new forest sites that meet the area constraint;
(2) Calculation of all costs and benefits of the additive type for each site;
(3) Calculation of recreation benefits for each forest site in each subset selected in (1);
(4) Calculation of net social benefit per hectare for each forest site in each subset and for the subset as a whole (i.e. the sum of (2) and (3) divided by the total area); and (5) Ranking of subsets selected in (1) based on the net social benefit per hectare.
Data
We mostly use GIS-based data. This is the case for the selection of the 32 new forest sites, for the distances between these sites, for the agricultural input and manure deposition, and the socio-economic characteristics. All this leads to very precise outcomes of the calculations in a time-efficient way.
Description of the study area and selection of new forest sites
The study area is the region of Gent, the capital of the province of East Flanders. East
Flanders has a forest cover of 5.6% which is the second lowest forest cover of all five Flemish provinces in Belgium. Agriculture currently takes up 51.2% of the total area.
The province counts approximately 1.33 million inhabitants with high population concentrations in cities like Gent. Overall, the province has a suburban character. All existing accessible forests are situated in open space around major population centres.
Figure 1: Map of the Gent region and its potential forest sites
In line with policy objectives, 550 ha of new forests are allocated to this region.
Thirty-two new forest sites were selected (see Figure 1 ) by excluding the road network, valuable ecotopes, legally protected areas 4 , built-on areas, existing forests, infrastructure, industry and residential areas, the sites most suitable for agricultural production, and the sites that are the furthest away from existing forests. Out of these constraint 5 .
On average, a forest site is 103 ha, the smallest site being 20 ha and the largest site being 350 ha. The shortest distance between the gravity points of two sites is 1.03 km.
An overview of characteristics of the 32 sites can be found in Appendix A. Table 1 represents the annualized values of the costs and benefits included in the analysis. They are calculated for each forest site and for each possible subset of forest sites that meets the area constraint. Carbon sequestration is the only ecological benefit included in the analysis. Hence, the value of total benefits is rather conservative.
Overview of costs and benefits
All new forest sites are multifunctional mixed oak-ash forests where wood production, characterized by long rotations (200 years), is combined with high ecological and recreational values. The forest is managed with a thinning frequency of 10 years and regenerated with a group selection system.
Costs
Annualised planting and management costs per hectare accrue to 39 € for a mixed oak-ash forest and are very modest compared to opportunity costs (DVB, 2000) . As all new forests will be planted on current agricultural land, the loss of agricultural production, manure deposition and recreation and non-use values of agriculture must be taken into account.
The agricultural sector in East Flanders yields a broad mix of agricultural products (various crops alongside cattle for dairy and meat production). Due to high subsidization of the sector by the EU, the calculation of the correct opportunity cost is quite complicated. Agricultural yields of the past five years (1995) (1996) (1997) (1998) (1999) are multiplied by world prices to get the approximate opportunity cost (NIS, 2000a; FAO, 2006a; FAO, 2006b) . In this way, crop rotation is implicitly taken into account. For grassland we assume that one hectare of land is grazed by two heads of cattle. Each head produces 6000 l of milk and 200 kg meat per year.
Costs per hectare of cultivated land include implicit wages for the farmer, wages paid to third parties, machinery depreciation, maintenance, purchased and self-produced feed, seeds, pesticides, fertilizers, capital costs, etc. These costs differ with respect to soil and crop type (CVL, 2000) . The cost of the agricultural production loss is actually negative. This means that once agricultural subsidies are eliminated, the value of agricultural output is smaller than the cost of inputs (labour, capital, etc. 
Benefits
On the benefit side we see that non-marketable benefits like non-use values are far more important than the benefits that are directly perceptible and create direct income for the forest owner (e.g. timber and hunting permits).
Timber values include the revenues of wood from thinning and final harvesting for a multifunctional mixed oak-ash forest with a 200 year rotation. Timber yield amounts to a yearly equivalent of 29 € per hectare. Revenue from hunting permits is more stable than revenue from timber sales and less dependent on external factors (DVB, 2000) . We assume that only small game hunting will take place at the new forest sites.
Average annual hunting values per hectare accrue to 15 € for Flanders for forests with small game hunting only (MOONS et al., 2000) .
Carbon sequestration includes sequestration in above-and below-ground biomass, detritus and soil as well as sequestration in harvested wood. GARCIA QUIJANO et al. (2005) found long term figures of 2 to 2.75 tonnes C per hectare and year plus a more uncertain below-ground storage of 0.2 tonne C per hectare and year on average.
We assume 2.5 tonnes C per hectare and year storage valued at 10 € per tonne C (CIEMAT, 1999).
Non-use values include a bequest value and an existence value. The bequest value is the benefit accruing to any individual from the knowledge that others might benefit from the forest in the future, whereas the existence value is the benefit accruing to any individual from the mere existence of that forest area (MITCHELL and CARSON, 1989) . Monetary valuation of non-use values is based on the Contingent Valuation Method (CVM). Data for Flanders are available from the "HeverleebosMeerdaalwoud" study (MOONS et al., 2000) . A CVM-survey was conducted and approximately 800 families in Flanders were asked about their willingness to pay for transformation of a Military Domain adjacent to Heverleebos-Meerdaalwoud (HB-MW) into a closed access forest reserve. Respondents were asked if they would be willing to pay a single, non-recurring amount using the double bounded dichotomous choice method (CARSON et al., 1986) . The median once-only willingness-to-pay of households that had never visited HB-MW for the proposed project was 76 € in 1999.
Extrapolation gives an annuity of 3680 € per hectare. This is a conservative estimate for non-use values as the conversion of a partly wooded Military Domain is less radical than the conversion of agricultural land into forest land.
The recreational value of new forest sites in the presence of a varying set of substitutes
As there are no data available for the new forest sites, we use the benefit transfer technique which 'transfers' the (monetary) value of one site to another (DESVOUSGES et al., 1992) . ROSENBERGER and LOOMIS (2000) distinguish two broad approaches to the benefit transfer: value transfers and function transfers.
Value transfers include single point benefit estimates or average point benefit estimates. Function transfers imply the transfer/adaptation of either a benefit/demand function or a meta-regression analysis from several sites.
Transferring a pure benefit estimate leads to inaccurate results as the value of a site or a visit depends on the characteristics of both the site itself and its visitors. LOOMIS (1992) shows that more accurate results can be obtained by transferring a recreation demand function that is estimated for one or more base site(s). We apply the function transfer method.
GIS generates the distance and travel time data necessary to estimate the travel cost variable in the demand function of the new forest sites. BATEMAN et al. (1999) have shown that a zonal travel cost model (TCM) using function transfers benefits considerably from GIS in order to define origin zones and to measure travel time and travel cost.
Base site analysis: Heverleebos-Meerdaalwoud
The Heverleebos-Meerdaalwoud (HB-MW) is the largest forest in Flanders with 1890 ha. It is the only forest in Flanders for which an economic valuation study has been conducted (MOONS et al., 2000) . It is situated in the province of Vlaams-Brabant, 10 km south of Leuven, a university city approximately 25 km east of Brussels, the capital of Belgium.
A zonal TCM specifies a recreation demand function that predicts visit rates for the base site. We estimate the recreation demand function as follows:
Where:
• visit rate = (total visits/total visitors) x (total visitors/total population)
• price= cost per visit (monetary + travel time costs)
• socio-demographics= age, education, professional activity, population density
• substitutes= availability and characteristics of other forest sites 
Origin zones
We get four quadrants by drawing a vertical line and a horizontal line through the gravity point of HB-MW. Next, we draw ten concentric circles around the gravity point at 15 km maximum. This results in 40 origin zones for which we predict the visit rates. In Figure 2 , we find four quadrants (I, II, III and IV) and ten concentric circles (1 to 10). E.g., origin zone I1 is the zone in the north east quadrant within a distance of 1 km from the gravity point 8 . 8 The first 5 concentric circles are only 1 km one from the other. The following 5 are separated by 2km. 
Visit rates
In 1998 and 1999 two surveys, namely, an on-site recreation survey of visitors (1100 persons) and an off-site household survey with person-to-person interviews across Flanders (800 households), were conducted regarding the economic valuation of HB-MW. The off-site household survey provided data on visit frequency for the origin zones that are less prone to truncation and endogenous stratification problems than the data gathered by the on-site survey (MOONS et al., 2000) .
Travel costs
Travel costs include both monetary and time costs. Monetary costs are the distance travelled multiplied by a fixed cost per km (e.g. fuel and insurance costs). Time costs are the travel time multiplied by the value of time in transportation 9 . Data on point of departure were drawn from both the on-site and off-site survey and GIS was used to calculate travel distances and times. For each origin zone we calculate the average travel costs taking into account the frequency of the various transport modes (car, bus, bike and on foot) (MOONS et al., 2000) .
Socio-demographic factors
Data on population such as age, education and activity are available on community level (NIS, 2000b) . Using GIS we construct a data set where these socio-demographic 9 See GUNN et al. (1997) • Age: ≤ 19, 20-34, 35-54 and ≥ 55 years
• Education: primary school, lower secondary school, higher secondary school, higher education (including university)
• Professional activity: student younger than 18 years, student older than 18 years, unemployed, employed and retired
• Population density: number of inhabitants per km²
Substitutes
The number of visits to HB-MW is affected by the number of forests the visitors can choose from each time they plan to visit a forest. Therefore we need to know which substitute sites are available for all visitors living in the different origin zones (I1, I2, etc.). In each origin, we construct four concentric zones around its gravity centre at four distances (0-2, 2-5, 5-10 and 10-15 km). For each distance we determine the total area of the substitutes. The result is that we know the total area of substitute forest sites for four distances for each origin zone of HB-MW 11 .
We take into account the diminishing importance of substitutes located further away by dividing the total substitute area of each distance by the weighted travel time from the origin zone. A similar, though not identical, approach was proposed by BRAINARD et al. (1997) . Finally, we obtain a substitution index for each origin zone 10 The categories of age, education or professional activity level are measured as shares in the total population.
by aggregating the total area of substitutes of the four distances (in ha per minute travel time). Equation (11) Where:
• Substitution Index = expressed in ha per minute travel time
• WOOD m = area of substitute woodland (ha)
• P mn = proportion of visitors using a particular travel mode
• TT mn = travel time from origin zone to substitutes at distance m using a particular travel mode (minute)
The recreation demand function for the base site
With the recreation demand function we can estimate the visit rates and the total yearly visits at the base site. For each origin zone, visit rates are explained by travel cost (both monetary and time costs), population density, substitution index and the proportion of people of 55 years and older 12 . Regression results are based on the 40 observations of the origin zones. For each origin zone, the independent and dependent variables are defined as follows:
• visit rate = total visits/total population
• travel cost = cost of travelling to HB-MW (two-way)
• population density = within the origin zone (inhabitants per km²) 12 We do not control for site characteristics. We assume all potential new forest sites have approximately the same characteristics as HB-MW -apart from size -.
• substitution index = measure for total area of substitutes (in ha per minute travel time)
• proportion 55 + = proportion of people older than 55 years per origin zone Statistical tests 13 indicate that the linear regression model in Table 2 fits the data best. The negative sign of population density might not be obvious at first sight. We may expect city dwellers to be more frequent forest visitors than people living in the countryside. However, BATEMAN et al. (1998) state that city dwellers have a wider choice of alternative leisure activities (e.g. cinema, shopping, museums and concerts).
Hence, the negative sign of population density may be due to other substitute leisure activities than forest visits. This recreation demand regression predicts an average number of 12.5 visits per inhabitant and year for the base site. The on-site recreation survey gives an actual average of 11 visits per inhabitant and year. Non-parametric tests show that there is no significant difference between the actual and predicted numbers of visits per origin zone. Hence, the estimated recreation demand function is suitable for the benefit transfer technique.
Consumer surplus estimates
Consumer surplus is the difference between the actual (travel) cost of a visit and the willingness to pay for a visit. On average, the yearly consumer surplus for a single visitor from a single origin zone is 40 € per capita. Using the consumer surplus and the predicted visits, the total recreational value of the base site HB-MW amounts to 2720000 € or 1440 € per hectare and year.
Analysis for new forest sites: benefit transfer of the recreation demand function
We transfer the estimated recreation demand function for HB-MW to each of the 32 new forest sites in the Gent region. The transfer of the demand equation gives us an estimate of the number of yearly visits to the new forest site. Further, we calculate the consumer surplus per visit and total recreational value of each forest site. A site may have a different recreation value due to the varying number of substitutes in the subset it belongs to.
We define origin zones around each forest in the study area (as described in section 4.1.1.). For each origin, we calculate the travel costs to the new forest sites (monetary and time costs) and calculate a substitution index (as described in section 4.1.5.).
Further, we aggregate socio-demographic data for each origin zone. There are two differences with the base site. First, one particular forest can have a varying set of substitutes as each forest site may belong to several subsets that meet the area constraint (cfr. 2.2). Second, the base site and new forest sites differ quite substantially in size and this needs to be corrected for. Preferably we could add a 'size' variable in the demand equation. But as there are no data available in Belgium on the visitor numbers to forests of different sizes, we use on-site experience from foresters to make an ex-post correction. Small forests (< 20 ha) attract few to no visitors. The marginal change in visitor numbers for forests larger than 300 ha when enlarged with one hectare seems to be negligible. Therefore, we linearly correct predicted zonal visit numbers through size-corrected participation rates, with the participation rates for HB-MW (1890 ha) as an upper limit for all forest sites of at least 300 ha. Moreover, we assume that our forest sites only attract visitors within a radius of 15 km. The larger base site, however, attracts 25% of its visitors beyond 15 km.
Results and discussion
15
In the final step we rank all subsets of new forest sites that meet the area constraint according to their NSB per hectare. This NSB is presented by the following equation:
We calculate two types of net social benefits:
• NSB lim : without recreation;
15 Figure 1 shows the location of each of the 32 forest sites. Appendix B gives an overview of the values of the non-constant costs and benefits for the 32 new forest sites.
• NSB full : with recreation.
The NSB lim of a single forest site is independent of the subset it belongs to. The variation in NSB lim between forests is solely due to variation in opportunity costs of foregone agricultural production and manure deposition, as all other costs (planting and management, loss of recreation and non-use value of converted agricultural land) and benefits (timber, hunting, carbon sequestration and non-use value) are taken constant per hectare for all forests.
The NSB full of a forest site depends on the subset, the new forest site belongs to. This is due to the variation in the set of substitutes determining the recreational value. We first discuss the ranking of subsets for both NSB full and NSB lim . Then, we take a closer look at the recreation value. The best NSB full amounts to almost 58000 € per ha and year. The worst NSB full is 10000 € per ha and year. The best and worst NSB full differ with almost a factor 6. The subset with the best NSB full consists of seven forests, whereas the subset with the worst NSB full only has five forests. Leaving out recreation values shows quite a different picture. The best and worst NSB lim differ only with a factor 1.5. The best subset has a NSB lim of nearly 7000 € per ha and year, whereas the worst subset has a NSB lim of nearly 4500 €. The best subset consists of three forests, whereas the worst subset has four forests. The best NSB full is 8.6 times higher then the best NSB lim . Figure 3 shows the distribution of NSB full over all subsets. We find a steep decline in NSB full both in the highest and lowest range, whereas the decline in the middle group is more moderate. Appendix B gives an overview of the non-constant costs and benefits. We see that the recreation value and NSB full of a single forest site varies considerably, depending on the subset and the substitutes (up to factor 50).
Ranking of subsets based on NSB full and NSB lim
The values in Table 3 and Appendix B correspond to a discount rate of 2.5%.
Increasing this discount rate reduces the absolute value of the NSB's. The ranking of the subsets, however, persists as the timing of costs and benefits is identical for all forest sites. Costs and benefits are assumed to have a constant marginal value across the sites and final ranking of subsets is independent on the absolute value of these costs/benefits, although the absolute value of the NSB would be different. The 18 Approximately € 59.5 billion euro.
Testing the results
First, we test 19 whether the forest composition of the 100 best/worst subsets differs significantly from the forest composition of all 569242 subsets. In other words, we compare the frequency of the forest sites appearing in the 100 highest/lowest ranked subsets with the frequency of appearance in all subsets. We do this both for NSB full and NSB lim . Table 4 shows that the composition is indeed significantly different, both for NSB full and NSB lim , as well as for both the best and worst subsets. This implies that some forests can be found more frequently in the 100 best/worst subsets compared to the total sample of subsets. This result suggests that the best/worst subsets are not randomly chosen from the total sample, but that our methodology is suited to select afforestation policies which are significantly better (or worse) than a random afforestion policy. Second, we decompose the NSB into its costs and benefits. We perform a T-test on the non-constant costs and benefits per ha and year (Table 5) . Here, we test whether the values of the highest/lowest ranked subset differ significantly from the average values for the total sample of subsets. We find that the values of foregone agricultural production of both the best and worst NSB lim is significantly different from the average of the full sample of subsets. The foregone manure deposition is not significant. This obvious result means that the value of the lost agricultural output turns out to be the decisive factor in the ranking of NSB lim .
Similarly, for NSB full we find that both for the best and worst subset the substitution indexes are significantly different from the total sample. The index is lower for the best subset, whereas it is higher for the worst subset. This result emphasises the importance of the substitutes in our methodology. The population density and the share of older people do not significantly differ as most forest sites have partly overlapping origin zones. However, these variables are significant for estimating the visitor numbers from a single origin zone. 
Conclusions
We show how a GIS-based cost-benefit analysis can be used as a decision support mechanism for afforestation projects. In our analysis the policy maker has a choice among a large number of subsets of new forest sites that respect the area constraint.
The results suggest that our methodology is suited to select afforestation policies which are significantly better (or worse) than a random afforestion policy.
First, we find that the choice of a particular subset matters for a given area constraint.
For NSB lim , the benefit for the best subset is 1.5 higher than for the worst subset. For NSB full there is a difference of factor 6 between the best and the worst subset. Second, the recreational value has an important effect on the net social benefit of afforestation projects. The best NSB full is more than 8 times higher then the best NSB lim . The worst NSB full is still 2.5 times higher then the worst NSB lim . Third, we show that the availability of substitutes has a significant effect on the recreation value of a forest.
Hence, the substitutes also play a role in the ranking of subsets. 
